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Objective: To calculate inter-observer reliability between four different trained readers and an experi-
enced reader on early radiographic osteoarthritis (OA) features in our early OA cohort hip and cohort
knee (CHECK) cohort.
Methods: Four readers were trained by a radiologist and experienced reader to score radiographic OA
features. After this training they scored the CHECK cohort. Of the 1002 participants, 38 were scored by all
readers. Five different angle radiographs (three for the knee, two for the hip) at three different time
points were scored and compared. Inter-observer reliability was evaluated between each of the four
trained readers and the experienced reader. Separate radiographic OA features and of overall Kellgren &
Lawrence (K&L) scores. In addition, reliability of progression of radiographic was determined in K&L
scores and joint space narrowing (JSN).
Results: For hip and knee there was substantial inter-observer reliability on overall K&L scores. In the
knee, JSN was scored with fair to moderate reliability, osteophytes with moderate to nearly perfect reli-
ability, and other features with fair to substantial reliability. In the hip, reliability ranged from substantial
to nearly perfect. Moderate inter-observer reliability was found for progression of OA in both knee and hip,
with slightly better reliability for progression based on K&L scores than on separate features.
Conclusion: Good inter-observer reliability can be achieved between trained readers and an experienced
reader. Although JSN in the knee is scored with lower inter-observer reliability than osteophytes, this
does not seem to inﬂuence overall K&L scoring. In the hip all features showed good reliability.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Radiographic assessment of osteoarthritis (OA) is very impor-
tant, as ﬁndings on radiography are used for both diagnosis and
staging of OA and as a tool for measuring progression of disease.
Despite limitations of radiography and the emergent role of mag-
netic resonance imaging (MRI) for OA, radiography is still the most
widely applied imaging tool for OA in clinical and research settings.
This is mainly because of the wide availability of the technique, low
costs, and relatively easy interpretation of the images1.J. Damen, Erasmus MC, Dept.
, 3000 CA Rotterdam, The
.
).
ternational. Published by Elsevier LMany studies have indicated the discordance between radio-
logical ﬁndings and symptoms pertaining to OA2,3. Several ap-
proaches have been suggested to improve the diagnostic and
prognostic value of radiographic ﬁndings, including redeﬁnition of
existing grading systems, implementing new quantitative grading
methods with actual measurements, and performing additional
angled radiographic views to ﬁnd relationships between pain and
radiographic joint damage4e6.
A common problem in all these approaches is the difﬁculty of
standardized classiﬁcation of OA. While standardized acquisition of
radiography is commonly applied, the method of grading of OA
features, OA deﬁnition varies by study and training of readers.
These factors make it even more difﬁcult to relate OA signs to
clinical outcomes, because data from different studies cannot easily
be combined.td. All rights reserved.
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might contribute to solving this problem as it leads to more uni-
formity in radiographic scoring both between and within studies.
However, compared to the large number of studies performed us-
ing radiological outcomes, not all studies have reported on their
inter reliability of OA grading. We found only one review article on
inter-observer reliability for radiographic grading of hip and knee
OA, which indicated that only few data exist on this issue, especially
for separate radiological OA features; therefore, the authors advised
that in larger cohort studies inter-observer reliability should be
reported7.
The purpose of the present study was to assess various aspects
of inter-observer reliability for radiographic hip and knee OA
assessment within the longitudinal cohort hip and cohort knee
(CHECK) study. First, we aimed at evaluating inter-observer reli-
ability between four trained readers and one experienced reader
for grading of radiographic OA, including analyses per separate OA
feature. Second, we aimed to determine the inter-observer reli-
ability for assessing progression of OA, which is relevant for lon-
gitudinal studies on OA.
Methods
CHECK is an ongoing prospective multicentre cohort study of
1002 individuals with early symptomatic OA of the knee or hip.
Details of the protocol have been published earlier, and a summary
is presented below8.
Study population
Participants that potentially fulﬁlled the inclusion criteria were
invited to join the study when they visited their general practi-
tioner (GP). In addition, participants were recruited through ad-
vertisements, articles in local newspapers, and via the website of
the Dutch Arthritis Association. Individuals were eligible to
participate if they had pain and/or stiffness of the knee and/or hip,
were aged between 45 and 65 years, and had not yet consulted
their physician for these symptoms, or the ﬁrst consultation was
within 6 months before entry.
Exclusion criteria were: any other pathological condition that
could explain the existing symptoms (e.g., other rheumatic disease,
isolated tendinitis/bursitis, previous hip or knee joint replacement,
congenital dysplasia of the hip, osteochondritis dissecans, intra-
articular fractures, septic arthritis, Perthes' disease, ligament or
meniscus damage, Plica syndrome or Bakers' cysts), or a co-
morbidity that precluded physical evaluation and/or follow-up for
at least 10 years, malignancy in the last 5 years, and inability to
understand the Dutch language.
Physicians at the participating centres checked whether
referred participants and participants reacting to advertisements,
as well as participants from their own outpatient clinic, fulﬁlled the
inclusion criteria.
All patients underwent radiographic assessment of both hips
and knees, standardised physical examination, and ﬁlled out an
extensive questionnaire at baseline, and at 2 and 5 years follow-up,
including the Western Ontario McMaster questionnaire (WOMAC)
pain subscale8,9.
Radiography
All radiographs in the CHECK study were obtained according to
a standardized protocol: Semi-ﬂexed (7e10) weight-bearing
posteroanterior (PA) radiographs of the tibiofemoral joints were
made, followed by standing mediolateral views in 30 ﬂexion for
assessment of the tibiofemoral and patellofemoral joints. Skyline(infero-superior) non-weight bearing views of the patellofemoral
joints were also acquired (with 30 ﬂexion of the femorotibial
joints). For the hip, weight-bearing anteroposterior (AP) radio-
graphs of the pelvis were made, as well as weight-bearing faux
proﬁle radiographs of both hips taken according to Lequesne and
Loredo10. The faux proﬁle view provides a lateral projection of the
femoral head and neck, and an oblique view of the acetabulum
tangential to its superoanteromedial edge10.Radiographic OA scoring and training
When readers scored approximately 75 participants each, a
subset of 38 participants from different centres was scored by ﬁve
readers for the purpose of this study on inter-observer reliability.
Radiographic OA scoring of this subset was performed indepen-
dently by ﬁve trained observers (four research assistants and one
experienced GP reader). For these random selected participants no
selection criteria were used other than having no missing data. Of
each participant, we scored right and left radiographs at three
different points in time. Radiographs at baseline, and at 2 and 5-
years follow-up were all scored at the same time and the readers
were aware of their sequence in time.
Before scoring, the four research assistants were extensively
trained by an experienced musculoskeletal radiologist and the
experienced GP reader in four separate training sessions of 2.5 h
each, using training radiographs from the CHECK cohort. At the end
of this training program the assistants' performance was assessed
by scoring a set of radiographs of 12 participants with differing OA
severity in the presence of the GP reader. When the assistants
reached good reliability compared to the GP reader they were
allowed to score radiographs in the CHECK cohort.
The PA radiographs of the knee were scored for individual OA
features according to Altman et al.11 For grading of OA, the Kellgren
& Lawrence (K&L) deﬁnition was used for the patellofemoral joint,
as determined on the PA radiograph12. Medial and lateral joint
space narrowing (JSN), femoral medial and lateral osteophytes, and
tibial medial and lateral osteophytes were scored on a 0e3 scale
(0 ¼ normal; 1 ¼mild; 2 ¼moderate; and 3 ¼ severe). Tibial bone
attrition, tibial sclerosis and femoral sclerosis were scored both
medial and lateral on a 0e1 scale (0 ¼ absent; 1 ¼ present). Spiking
of the tibial spines was scored according to the atlas of Burnett et al.
on a 0e1 scale13. The mediolateral and skyline radiographs of the
knee were also scored for patellofemoral JSN and osteophytes on a
0e3 scale, as well as patellofemoral sclerosis (only on the skyline
view) according to Burnett et al.13. For these random selected par-
ticipants no selection criteria were used other than having no
missing data.
The AP radiographs of the hip were scored for individual
radiographic OA features according to Altman et al.11 For grading of
OA, the K&L deﬁnition was used and assessed on the AP radio-
graph12. Superior and medial hip JSN, superior and inferior
acetabular osteophytes, and superior and inferior femoral osteo-
phytes were scored on a 0e3 scale. Inferior acetabular osteophytes,
femoral subchondral sclerosis, acetabular subchondral cysts, ﬂat-
tening of the femoral head and buttressing were scored on a 0e1
scale13. On the faux proﬁle radiographs superior and posterior JSN
were scored on a 0e3 scale.
For measuring reliability on progressionwe deﬁned progression
as an increase of at least one K&L grade. For JSN we deﬁned pro-
gression as an increase of at least one point on the 0e3 scale in one
of the sites. When calculating inter-observer reliability for JSN and
osteophytes we used the maximum JSN and largest osteophyte
scored at one of the subsites where JSN or osteophytes were scored.
Progression was determined during the time intervals: baseline to
Table I
Frequency of radiographic features at baseline, and at 2 and 5-year follow-up (data







1 % 1 % 1 %
Knee
K&L knee grade
0 43 56.6% 34 45% 28 37%
1 33 43.4% 36 47% 38 50%
2 0 0% 6 8% 6 8%
3 0 0% 0 0% 4 5%
4 0 0% 0 0% 0 0%
JSN lateral 31 40.7% 38 36.8% 50 51.3%
JSN medial 14 18.4% 18 23.7% 28 36.8%
JSN (SKY) 6 7.9% 10 13.2% 11 14.5%
Ost femoral med 5 6.6% 6 7.9% 6 7.9%
Ost femoral lateral 5 6.6% 10 13.2% 21 27.6%
Ost tibial medial 23 30.3% 28 36.8% 33 43.4%
Ost tibial lateral 19 25.0% 24 31.6% 30 39.5%
Ost patella (ML) 22* 29.3% 37 48.7% 43y 58.1%
Ost (SKY) 29 38.2% 40 52.6% 40 52.6%
Attrition 0 0.0% 0 0.0% 0 0.0%
Sclerosis 0 0.0% 0 0.0% 1* 1.3%
Sclerosis (SKY) 0 0.0% 0 0.0% 1 1.3%
Tibial spiking 7 9.2% 12 15.8% 13 17.1%
Hip
K&L hip grade
0 64 84% 63 83% 62 82%
1 12 16% 12 16% 12 16%
2 0 0% 1 1% 2 3%
3 0 0% 0 0% 0 0%
4 0 0% 0 0% 0 0%
JSN superior 5 6.6% 7 9.2% 8 10.5%
JSN medial 3 3.9% 4 5.3% 5 6.6%
JSN superior (FP) 2 2.6% 2 2.6% 3 3.9%
JSN posterior (FP) 0 0.0% 0 0.0% 0 0.0%
Ost superior acetabulum 3 3.9% 6 7.9% 7 9.2%
Ost superior femoral 12 15.8% 14 18.4% 14 18.4%
Ost inferior acetabulum 1 1.3% 3 3.9% 3 3.9%
Ost inferior femoral 5 6.6% 5 6.6% 6 7.9%
AP sclerosis 0 0.0% 0 0.0% 0 0.0%
Cysts 0 0.0% 0 0.0% 0 0.0%
Flattening femoral head 0 0.0% 0 0.0% 0 0.0%
Buttressing 2 2.6% 3 3.9% 4 5.3%
Ost: osteophyte; ML: mediolateral radiograph; SKY: skyline radiograph; FP: faux
proﬁle radiograph.
* One radiograph missing.
y Two radiographs missing.
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years follow-up.
Statistical analysis
The inter-observer reliability was calculated for all the above-
mentioned separate OA features, for OA grade, and for OA pro-
gression between each of the four research assistants individually
and the experienced GP reader.
Because radiographic OA ﬁndings in our early OA cohort were
sparse we dichotomized the original variables, including K&L
grades that ranged from 0e3 to 0 vs 1.
Reliability of categorical data is commonly quantiﬁed by the
kappa coefﬁcient, which indicates the beyond chance agreement
and ranges from 0 (indicating no agreement beyond chance) to 1
(when agreement is perfect). A kappa of 0e0.2 is considered poor,
0.21e0.4 fair, 0.41e0.6 moderate, 0.61e0.8 substantial, and 0.81e1
almost perfect14. A major disadvantage of the kappa statistic is the
fact that it not only measures agreement but is also affected in
complex ways by the presence of bias between observers and by
the frequencies and distributions of data. Because the prevalence of
the radiographic features is low in our early OA cohort, we used the
prevalence adjusted bias adjusted kappa (PABAK). The PABAK is
calculated as 2po  1, where po is the observed proportion of
agreement and takes into account the effects of bias and preva-
lence15. In addition we calculated percentage agreement of all
features studied.
All analyses were performed with the SPSS software package
(version 20.0.0.1, 2011).
Results
Mean age of this subgroup of CHECK participants was 56.05 (SD
4.26) years, 74% was female, average body mass index was 25.35
(SD 3.31), and their meanWOMAC pain score (0 indicating no pain,
20 indicating severe pain) was 4.76 (SD 3.23).
Table I presents the frequencies of their OA features at baseline,
and at 2 and 5-years follow-up.
Inter-observer reliability for knee OA
The average PABAK between the research assistants and the
experienced GP reader regarding K&L scores of the knee joint
ranged from 0.28 to 0.79, indicating fair to near perfect inter-
observer reliability (Table II).
PABAK values on JSN on the AP view ranged from fair to mod-
erate. On the skyline view, patellofemoral JSN was scored with fair
to substantial inter-observer reliability.
Osteophytes were scored with moderate to near perfect reli-
ability on the AP view and with substantial reliability on the
mediolateral radiograph. On the skyline radiograph osteophytes
were scored with moderate to near perfect reliability.
Inter-observer reliability for spiking was fair to moderate. We
were not able to calculate inter-observer reliability statistics on all
radiographic features. In the tibiofemoral joint we did not ﬁnd any
attrition or sclerosis in this subset of participants. On the skyline
radiograph sclerosis was not seen in any of the participants
(Table I).
Inter-observer reliability for hip OA
The average PABAK between the research assistants and the
experienced GP reader regarding K&L scores of the hip joint ranged
from 0.71 to 0.91, indicating substantial to almost perfect inter-
observer reliability (Table III).On the PA view, JSN was scored with substantial to almost
perfect reliability; on the faux proﬁle superior JSN was also scored
with almost perfect reliability on the PA view, osteophytes were
scoredwith substantial to almost perfect reliability, and buttressing
with almost perfect reliability (Table III).
Features indicating more advanced hip OA, such as ﬂattening of
the femoral head, cysts and sclerosis, were not seen in any of these
individuals. On the faux proﬁle radiographs posterior, JSN was not
encountered.
Progression
Reliability on progression of OA (K&L score) in the knee ranged
from substantial to almost perfect andwas almost perfect in the hip
(Table IV).
For progression of JSN, reliability ranged from substantial to
almost perfect in both the knee and the hip (Table IV).
Discussion
This study was performed to assess inter-observer reliability for
early radiographic hip and knee OA across four trained readers and
Table II
Inter-observer reliability for individual ROA features of the features of the knee 38 participants
Feature PABAK research assistant vs GP reader % Agreement research
assistant vs GP reader
Cohen's kappa research assistant vs GP reader
1 2 3 4 Average 1 2 3 4 Average 1 2 3 4 Average
K&L knee 1 0.79 0.23 0.75 0.53 0.58 0.90 0.55 0.87 0.82 0.79 0.79 0.27 0.74 0.52 0.58
95% CI 0.70e0.87 0.10e0.35 0.66e0.83 0.42e0.64 0.71e0.87 0.15e0.39 0.65e0.83 0.41e0.63
JSN lateral 0.65 0.31 0.29 0.26 0.38 0.80 0.66 0.65 0.63 0.68 0.65 0.32 0.30 0.25 0.38
95% CI 0.55e0.75 0.18e0.43 0.16e0.41 0.14e0.39 0.55e0.75 0.19e0.44 0.17e0.42 0.13e0.38
JSN medial 0.59 0.52 0.60 0.36 0.52 0.79 0.72 0.80 0.64 0.74 0.39 0.12 0.43 0.39 0.33
95% CI 0.48e0.69 0.41e0.63 0.50e0.70 0.23e0.48 0.23e0.54 0.00e0.32 0.28e0.58 0.28e0.51
Ost femoral medial 0.89 0.91 0.90 0.82 0.88 0.95 0.93 0.95 0.91 0.93 0.45 0.59 0.60 0.56 0.55
95% CI 0.83e0.95 0.85e0.96 0.84e0.95 0.74e0.89 0.17e0.74 0.36e0.83 0.37e0.82 0.38e0.74
Ost femoral lateral 0.81 0.77 0.91 0.90 0.85 0.83 0.93 0.95 0.95 0.91 0.59 0.47 0.74 0.76 0.64
95% CI 0.73e0.88 0.69e0.85 0.86e0.97 0.85e0.96 0.43e0.75 0.28e0.66 0.58e0.90 0.63e0.90
Ost tibial medial 0.72 0.74 0.79 0.54 0.70 0.86 0.87 0.86 0.77 0.84 0.69 0.71 0.76 0.55 0.68
95% CI 0.63e0.92 0.66e0.83 0.71e0.87 0.43e0.65 0.60e0.80 0.62e0.81 0.68e0.85 0.44e0.66
Ost tibial lateral 0.82 0.82 0.78 0.63 0.77 0.91 0.91 0.88 0.77 0.87 0.80 0.78 0.75 0.61 0.73
95% CI 0.75e0.90 0.74e0.89 0.70e0.86 0.53e0.73 0.71e0.88 0.69e0.87 0.66e0.85 0.50e0.71
Tibial spiking 0.87 0.77 0.73 0.35 0.68 0.93 0.88 0.87 0.68 0.84 0.74 0.43 0.22 0.29 0.42
95% CI 0.80e0.93 0.69e0.85 0.64e0.82 0.23e0.47 0.61e0.87 0.21e0.63 0.00e0.48 0.15e0.42
ML ost 0.86 0.65 0.61 0.59 0.68 0.92 0.83 0.83 0.79 0.84 0.85 0.65 0.60 0.59 0.66
95% CI 0.79e0.92 0.55e0.75 0.50e0.71 0.48e0.70 0.79e0.92 0.55e0.75 0.49e071 0.59e0.49
SKY ost 0.80 0.63 0.62 0.71 0.69 0.90 0.82 0.81 0.85 0.84 0.79 0.62 0.62 0.71 0.69
95% CI 0.72e0.88 0.53e0.73 0.52e0.72 0.62e0.80 0.72e0.88 0.52e0.73 0.51e0.72 0.62e080
SKY JSN 0.78 0.78 0.78 0.50 0.71 0.89 0.66 0.89 0.75 0.80 0.34 0.17 0.41 0.34 0.32
95% CI 0.70e0.86 0.70e0.86 0.70e0.86 0.38e0.49 0.09e0.58 0.00e0.48 0.19e0.63 0.19e0.49
Ost: osteophyte; ML: mediolateral radiograph; SKY: skyline radiograph. Left and right hip, three points in time.
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Furthermore, we determined the inter-observer reliability for
assessing progression of OA.Overall reliability
For the knee K&L grading we found substantial reliability, which
is in line with recent studies reporting kappa coefﬁcients of
0.51e0.8, including our own group (Schiphof et al.6 reporting a
kappa of 0.62, in the Rotterdam study) as well as the original paper
by Kellgren and Lawrence reporting a Pearson's r of 0.8311,12.
In the hip, the inter-observer reliability of the K&L grade as
determined in the present study, was similar to that of a previous
report from our group16. The original study of Kellgren andTable III
Inter-observer reliability for individual ROA features of the hip 38 participants
Feature PABAK research assistant vs GP reader % Ag
assis
1 2 3 4 Average 1
K&L hip 1 0.91 0.77 0.71 0.82 0.80 0.95
95% CI 0.86e0.96 0.69e0.85 0.62e0.80 0.74e0.89
JSN superior 0.82 0.90 0.84 0.61 0.79 0.92
95% CI 0.74e0.89 0.85e0.95 0.77e0.91 0.51e0.72
JSN medial 0.87 0.95 0.78 0.89 0.87 0.93
95% CI 0.83e0.95 0.91e0.99 0.69e0.86 0.84e0.95
Ost superior acetabulum 0.89 0.85 0.85 0.82 0.87 0.95
95% CI 0.84e0.95 0.78e0.92 0.78e0.92 0.75e0.90
Ost superior femoral 0.87 0.73 0.84 0.82 0.81 0.94
95% CI 0.84e093 0.64e0.82 0.77e0.91 0.75e0.90
Ost inferior acetabulum 0.95 0.86 0.92 0.86 0.91 0.97
95% CI 0.91e0.99 0.79e0.93 0.87e0.97 0.79e0.93
Ost inferior femoral 0.89 0.85 0.92 0.82 0.87 0.94
95% CI 0.82e0.95 0.78e0.92 0.87e0.97 0.75e0.90
Buttressing 0.98 0.92 0.97 0.92 0.95 0.99
95% CI 0.96e1.00 0.87e0.97 0.94e1.00 0.87e0.97
FP JSN superior 0.97 0.93 0.93 0.96 0.95 0.99
95% CI 0.94e1.00 0.88e0.98 0.88e0.98 0.93e1.00
Ost: osteophyte; FP: faux proﬁle radiograph. Left and right hip, three points in time.Lawrence showed a relatively low inter-observer reliability for the
hip with a Pearson's r value of 0.7512.Inter-observer reliability for individual knee OA features and
their implications for K&L grading
In the knee we noticed a trend towards higher reliability for
osteophytes than for JSN between readers for all three different
radiographic views studied; this is in agreement with previous
ﬁndings7. This is an interesting result considering that progression
of the K&L score from grade 1 to grade 2 (the threshold for the
diagnosis of OA inmany studies) is primarily based on the detection
of deﬁnite osteophytes. This is in concordance with previous ﬁnd-
ings in the CHECK cohort that there is a high correlation betweenreement research
tant vs GP reader
Cohen's kappa research assistant vs GP reader
2 3 4 Average 1 2 3 4 Average
0.89 0.84 0.91 0.90 0.84 0.53 0.62 0.73 0.68
0.75e0.94 0.36e0.70 0.13e0.66 0.62e0.84
0.95 0.92 0.78 0.89 0.44 0.66 0.40 0.38 0.47
0.21e0.67 0.46e0.86 0.13e0.66 0.22e0.55
0.97 0.89 0.94 0.93 0.35 0.65 0.40 0.51 0.48
0.01e0.69 0.38e0.93 0.17e0.62 0.24e0.78
0.93 0.92 0.91 0.93 0.60 0.62 0.28 0.52 0.51
0.37e0.82 0.44e0.79 0.00e0.61 0.32e0.72
0.85 0.92 0.91 0.90 0.77 0.49 0.75 0.69 0.67
0.66e0.88 0.33e0.66 0.64e0.86 0.56e0.82
0.94 0.96 0.94 0.95 0.65 0.47 0.55 0.30 0.49
0.38e0.93 0.22e0.72 0.26e0.84 0.00e0.63
0.92 0.96 0.89 0.93 0.52 0.37 0.62 0.48 0.50
0.27e0.77 0.09e0.66 0.38e0.86 0.26e0.70
0.96 0.98 0.96 0.97 0.88 0.65 0.79 0.65 0.74
0.72e1.04 0.42e0.87 0.56e1.03 0.42e0.87
0.96 0.96 0.99 0.97 0.82 0.18 0.62 0.59 0.55
0.61e1.02 0.00e0.74 0.36e0.88 0.19e0.99
Table IV
Inter-observer reliability for the progression of knee OA and hip OA
Feature PABAK research assistant vs GP reader % Agreement research assistant vs GP reader Cohen's kappa research assistant vs GP reader
1 2 3 4 Average 1 2 3 4 Average 1 2 3 4 Average
Knee
K&L 0e2 years 0.82 0.81 0.82 0.79 0.81 0.91 0.85 0.87 0.88 0.88 0.55 0.02 0.48 0.31 0.33
K&L 2e5 years 0.82 0.68 0.74 0.68 0.73 0.91 0.70 0.87 0.84 0.83 0.66 0.06 0.38 0.54 0.41
K&L 0e5 years 0.90 0.80 0.74 0.87 0.82 0.95 0.83 0.87 0.94 0.90 0.70 0.06 0.47 0.47 0.43
JSN 0e2 years 0.79 0.88 0.89 0.74 0.82 0.90 0.95 0.95 0.87 0.92 0.05 0.03 0.02 0.49 0.12
JSN 2e5 years 0.74 0.83 0.87 0.71 0.79 0.87 0.91 0.93 0.86 0.89 0.04 0.13 0.05 0.48 0.13
JSN 0e5 years 0.89 0.92 0.74 0.87 0.85 0.95 0.95 0.87 0.94 0.93 0.01 0.06 0.06 0.13 0.01
Hip
K&L 0e2 years 0.95 0.91 0.95 0.92 0.93 0.97 0.96 0.98 0.96 0.97 0.65 0.00 0.19 0.15 0.25
K&L 2e5 years 0.90 0.86 0.92 0.95 0.90 0.95 0.95 0.96 0.98 0.96 0.66 0.00 0.49 0.02 0.28
K&L 0e5 years 0.92 0.95 0.95 0.92 0.93 0.96 0.97 0.98 0.96 0.97 0.00 0.48 0.19 0.27 0.23
JSN 0e2 years 0.74 0.87 0.90 0.89 0.85 0.87 0.94 0.95 0.95 0.92 0.37 0.00 0.00 0.07 0.08
JSN 2e5 years 0.74 0.88 0.79 0.87 0.82 0.87 0.88 0.89 0.94 0.89 0.39 0.22 0.00 0.22 0.21
0e2 years: the progression score between baseline and 2-year measurements; 2e5 years: the progression score between the 2-year and 5-year measurements; 0e5 years: the
progression score between baseline and 5-year measurements.
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evidence for this correlation18.
The low reliability for JSN is surprising as joint space width
(JSW) is regarded as a better predictor for outcomes in knee OA
than the K&L grade. It is important to note, however, that JSW is a
quantitative feature (i.e., measured by a ruler of computerized)
whereas JSN is determined visually on a 0e3 scale and is, therefore,
subjective19,20.Inter-observer reliability for individual hip OA features and
their implications for K&L grading
In the hip we found high inter-observer reliability for all OA
features, while we observed no large differences between the
different features; all PABAK values were 0.8. A previous review
reported slightly better intraclass correlation coefﬁcient (ICCs) for
Joint space narrowing (JSN) (0.58e0.79) than for osteophytes
(0.45e0.78)7.
The inter-observer reliability on buttressing was comparable to
previous ﬁndings7.Inter-observer reliability for ROA progression
Using the overall K&L score, the inter-observer reliability for
progressionwas high. The K&L score is considered to be insensitive
to progression of OA because a combination of different OA features
has to deteriorate to progress on the K&L scale, while it has been
estimated that progression on an ordinal scale for one feature takes
about 2 years4. Therefore, it has been suggested that progression
might best be deﬁned by deterioration of single OA features21.
Although these changes are probably of low clinical interest.
However, in the hip we found that reliability was slightly lower
when we looked at progression based on JSN alone. This could be
due to the low prevalence of progression in the hip, and due to low
reliability based on JSN in the knee.
Few studies have reported on the quality of OA grading;
assessment of the reporting of inter-observer reliability could lead
to more uniformity in radiographic scoring both between and
within studies. The present study offered a unique opportunity to
train four readers and evaluate how they agreed on radiological
outcomes. Because we used bilateral radiographs of three different
time points with three different radiographic projections of the
knee, and two different views of the hip, we were able to assess
inter-observer reliability based on a considerable number of
radiographs.Limitations
The present study has several limitations, the most important
being that we did not have large radiographic diversity in OA
severity. This is because the CHECK cohort consists of participants
with early symptomatic OA who have not yet developed many
radiographic OA features8. This may (in particular) have inﬂuenced
our results on features indicating more advanced OA and progres-
sion of OA, and probably more so for hip than knee OA because far
fewer participants in our cohort have hip symptoms than knee
symptoms. More disease variability could hypothetically lead to
lower inter-observer agreement, however we think we adjourned
this by dichotomizing our features. Although our readers were
relatively inexperienced in the beginning, they underwent a simple
yet thorough structured training program and received supervision
from an experienced GP and musculoskeletal radiologist. We
believe that this situation is common in OA research settings,
especially in large studies, in which trained research assistants
score the radiographs because of the lack of enough experienced
readers (such as radiologists) to score large datasets.We believe our
study conﬁrms that this strategy is indeed possible after a simple
yet thorough training program, such as the one we implemented.
Therefore, our results on inter-observer reliability are mainly
generalizable to OA research settings and may not be directly
generalizable to clinical practice where radiographs are usually
assessed by radiologists, orthopaedic surgeons, or rheumatologists.Conclusion
The results of our study show that with a simple yet thorough
training we could achieve good inter-observer reliability between
trained readers and an experienced reader for the assessment of
early OA features, OA grading and OA progression. Although JSN in
the knee is scored with lower inter-observer reliability than
osteophytes, this does not appear to inﬂuence overall K&L scoring.
Reliability for radiographic OA progression is higher for K&L scores
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